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Abstract 

In this paper, we develop a general framework to study the meson- 
photoproductions of nucleons in the chiral quark model. The S and 
U channel resonance contributions are expressed in terms of the Chew- 
Goldberger-Low-Nambu (CGLN) amplitudes. The kaon-photoproduction 
processes, 7p — ► K + A, jp — ► K + TP , and -yp — ► K T< + , are calculated. 
The initial results show that the quark model provides a much improved 
description of the reaction mechanism for the kaon-photoproductions of 
the nucleon with less parameters than the traditional phenomenological 
approaches. 



PACS numbers: 13.75. Gx, 13.40.Hq, 13.60.Le,12.40.Aa 



1. Introduction 



The meson photoproduction of nucleons has always been a very important 
field to study the structure of hadrons. It was the investigations by Cop- 
ley, Karl and Obrykjl]], and Feynman, Kisslinger and Ravndal|§ in the pion- 
photoproduction 26 years ago that presented first evidences of underlying 
SU(6) <S> 0(3) symmetry for the baryon structure in the quark model. The 
interest in this field has been recently revived by the establishment of the new 
experimental facilities such as CEBAF. In this paper, we present a new frame- 
work based on the chiral quark model to study the meson-photoproductions 
of nucleons, in particular the Kaon photoproductions. Some of the highlights 
of this project are 

1. The transition amplitudes are chiral invariant in the low energy limit. 
Thus, the low energy theorem in the threshold pion photoproduction 
is automatically recoverec 



2. It provides an unified description for all s- and u- channel resonance 
contributions with only one set of parameters, which includes the con- 
stituent quark masses and the coupling constant between the Goldstone 
bosons, such as K, r\ and tt, and quarks. 

3. The contributions from the s and u channel resonances are expressed 
in terms of the CGLN|| amplitudes so that the differential cross sec- 
tion and various polarizations in meson photoproductions can be easily 
carried out as the kinematics for the CGLN amplitudes is well known 0]. 

4. The form factors generated by the spatial integral lead to small cross 
sections in high energy limit, which is consistent with the data. This has 
been a major problem in the traditional hadronic models|| f7|. 

5. It provides much improved description for the processes 7^ — > K + TP 
and 7p — > fT°£ + , while the results in hadronic models show a factor 
10 to 100 larger cross section for 7p — > i^°S + than that for jp —>■ K + TP. 

This project is an extension of our early investigation on the threshold pion 
photoproduction in which the long-standing problem|J of the low energy 
theorem in the threshold pion-photoproduction was clarified. Indeed, although 
the quark model does give good descriptions of the electromagnetic and strong 
decays of baryon resonances, it does not guarrantee the successes in the meson 
photoproductions. The key is that one has to combine the phenomenological 
quark model with chiral symmetry! IT]]. Moreover, since a baryon is being 
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treated as a three quark system in the quark model, the separation of the 
center of mass motion from the internal motion is crucial to recover the low 
energy theorem, this has been discussed in detail in the Compton scattering 



7 AT — > 7iV|TT[] and the threshold pion-photoproduction[|J. 

In section 2, we present the framework for the Kaon-photoproductions 
starting from the QCD Langrangian in the low energy region by assuming 
the Kaon as a Goldstone boson. Of course, there would be chiral symmetry 
breaking in Kaon productions. We shall only limit ourself in the symmetry 
limit and in the same time, treat the coupling constant as a free parameter. 
In section 3, we will present the formula for the leading order Born amplitudes 
that include the seagul term, the nucleon exchange in the s-channel, the A 
and £ exchange in the u-channel, and the kaon and K* exchange in the t- 
channel. In section 4, the u-channel contributions from the excited strange 
baryons are presented, in particular, the £* resonances. In section 5, we 
show how to write the contributions from the nonstrange baryon resonances 
in terms of the CGLN amplitudes. In section 6, we present our numerical 
evaluations of the differential cross section, polarizations, and the total cross 
section for 7p — ► K + A, jp — > K + TP and 7p — > Af°£ + . Considering that 
many effects have not been included in our calculation and no serious effort 
is being made to fit the experimental data, the success of our approach is 
indeed very encouraging. In section 7, we shall discuss some effects that have 
been left in our calculation, and are important for the future investigations. 
Although only the kaon transition amplitudes are presented here, it should be 
pointed out that this approach is more general; the rj and 7r photoproductions 
of the nucleon can be related to the Kaon photoproduction by the SU(3) 
coefficients in each term. It is our hope that this approach could provide a 
unified description of the meson photoproductions of nucleons. 

2. General Framework 

In the pure chiral symmetry limit, the low energy QCD Langrangian can be 
written as [|i~0|j 

C = '$[>y li (i& l + V» + A' i )-m]il> + ... (1) 
where the vector and axial currents are 

4. = 4 ~ 

£ = e OT// (2) 
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/ is a decay constant, and the field ir can be written in terms of SU(3)<S>SU(3) 
Goldstone boson field. The gauge transformation of the axial vector in Eq. 
H leads to a quark-photon-kaon vertex; 

H K ,e = £ ^MjisWrfMu^Qs., r d ), (3) 

3 J K 

where A M (k, r^-) is the electromagnetic field, which generates a seagull term 
for the charge kaon production. The kaon-quark coupling at the tree level is 
therefore the standard pseudovector coupling 

R k = E ^^Hli^d^K (4) 
i Ik 

and the electromagnetic coupling is 

F e = -£ e ;7^nk,r). (5) 

j 

Generally, one can write the transition matrix element as 

+ wig.i^>wig«i^>\ J +A<r (6) 

where N{(Nf) is the initial (final) state of the nucleon, and 1^(00^) represents 
the energy of incoming (outgoing) photons(pions). The first term in Eq. |fj 
corresponds to the seagull diagram, which is a direct consequence of the chi- 
ral transformations, the second term corresponds to the S-channel resonance 
contribution which will be discussed in detail in section 5, the third is the 
U-channel resonance contributions; they come from the strange baryon reso- 
nances for the kaon photoproduction, and the last term M.t is the T-channel 
meson exchange contribution. As the couplings between the excited strange 
mesons and the nucleon are not well known, we will treat them as the free 
parameters, and in addition to the kaon exchange, only the K* exchange will 
be included since the inclusion of the other excited meson exchanges leads 
additional free parameters to fit to the data. 

The nonrelativistic expansion of the quark-photon-kaon interaction gives 



j J K ' 
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where e is the polarization vector of photons, where a] (s) and ctj (u) is the cre- 
ation and annihilation operator for the strange and up quarks for the charged 
kaon, while this term vanishes for the K° productions in the symmetry limit. 
Note that 

(Nf\lL4( a M")*Aty=9A<Xf\"W, ( 8 ) 
j 

where cr are the total spin operators of the nucleon, and gA is the axial coupling 
constant for the kaon-nucleon-strange baryon couplings. In the SU(6) (g) 0(3) 
symmetry limit, we have 

this leads to 1 and — ~ ratios between the couplings of axial vector and vector 
for the A and E states. Thus, we have an expression for the seagull diagram 

(NflH^M) = ^(Nflcr-emFiKq). (10) 



K 



where F(k, q) is the form factor and the function of the incoming photon and 
outgoing kaon momenta k and q. 

The differential cross section for the kaon-photoproduction in the center of 
mass frame is 



da c - m - = a e a K (E N + M N ){E S + M s ) |q| 
dVl 4s(M s + M N ) 2 |k| 



\M' fl \ 2 (11) 



where the factor eg a/ fx has been removed from the transition matrix elements 
Ai'fi so that it becomes dimensionless, and y/s = E N + uj^ = E s + ujk is the 
total energy in the cm. frame. The coupling constant olk is related to the 



factor gA/ Ik by the generalized Goldberg- Treiman relation [|T^], however, the 
quark mass effects lead to about 30 percent deviation from the measured value, 
while the Goldberg- Trieman relation is accurate within 5 percent for the pion 
couplings [0]. Therefore, the coupling will be treated as a free parameter 



at present stage. 

Generally, it is more convenient to study the meson-photoproductions of 
nucleon in terms of the CGLN amplitude||]; 

M'fi = 3 e (12) 

where e is the polarization vector, and the current J is written as 

t f I • r ("" q)( k X cr) <r • k cr • q 

3 = ficr + tf 2 — + f 3ri 7 n ci+ f A — — q 13 

|q| |k| |q| |k| q z 
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in the center mass frame. The differential cross section in terms of the CGLN 
amplitude isH 



\M' fi \ 2 = Re {|/i| a + |/ a | 2 -2cos(0)/ a £ 

l/sl 2 + IM 2 + 2f 4 f* + 2/3/2 + 2cos(9)f 4 f*} }(14) 



sin 2 (6) 



where 9 is the angle between the incoming photon momentum k and outgoing 
kaon momentum q in the center mass frame. The various polarization observ- 
ables can also be expressed in terms of CGLN amplitudes, which can be found 
inRef. §. 

The calculation of the S- and U- channel resonances contributions follows 
a procedure similar to that used in Compton scattering (jN — > jN) [|TlH ■ 
However, since our investigation is not limited to the low energy region, the 
relativistic kinematics should be used for the transition operator corresponding 
the center of mass motion; for example, the nonrelativistic operator should 
be replaced by E + M where P and E are the momentum and energy of the 
initial nucleon or the final strange baryon. Replacing the spinor -0 by ij}* so 
that the 7 matrices are replaced by the matrix ex. , the matrix elements for the 
electromagnetic interaction H e can be written as 

(Nj\H e \Ni) = (Xj Y. ( j <y j- ( - ( ' kr - v <> 

3 

= i (N J \[H,Y / e,r J ■ ee**] - ■ ecc r ke^tf,) 

3 3 
= HEj-Ei-w^NjlgelNd+iuiNjlhelNi), (15) 

where 

H = £(a j ■ Pj + Pjrrij) + £ V(r t - r s ) (16) 

3 i,3 

is the Hamiltonian for the composite system, 



# e = X> ri • ee ik '% (17) 

3 

h e = Y, ejTj ■ e(l - ct j ■ k)e ik ' r \ (18) 

3 

and k = Similarly, we have 

(NflHelNj) = i(E f - E 3 - u)(Nj\g*\N s ) + i^{N f \h e \N 3 ). (19) 
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Therefore the second and the third terms in Eq. || can be written as 

(NflHKlN^iNjlKlNi) 



M' 23 = i(N f \\g e ,H K ]\N i )+iu;J2 



Ei + uj- Ej 



Ei — uj k — Ej 



(20) 



The nonrelativistic expansion for /i e in Eq. |2(J isflTT 



J L 



rrijLU 



2rrij 



[e x k) 



(21) 



which h e is only expanded to order 1/m, and it has been shown[|J that the 
expansion to order 1 / m q is sufficient to reproduce the low energy theorem for 
the threshold pion-photoproductions||. The corresponding kaon-coupling for 
the initial nucleon and final A or E states is being written as 



Tjnr 



E 



Es + Ms 



En + Ms 



<jj ■ Pi - (Tj ■ q 



2/x. 



"°j • Pi 



9a 



(22) 



where ujk is the energy of the emitting kaons, and — = — H — — . The first 
three terms in Eq. ^ corresponds to the center of mass motion, and the last 
term represents the internal transition. Similarly, the K* coupling between 
the nucleon and strange baryon has the structure; 



Tjnr 



1 



., TM s Ps ' ev+ E N + M S 



2m 



. r (e„xk)^ WM) 



9a 



(23) 



where Ps ■ e v = Ese® — Ps ■ e„, and only the operator associated with the cm. 
motion is presented. 



3. The Leading Order Born Amplitudes 

Following the same procedure in Ref ||, the amplitudes for the seagull term 
is 



M s = F(k,q) 



1 + 



2 {E N + M N 
7 



+ 



1 



Es + Ms 



a ■ e, 



(24) 



thus, the the seagull term only contribute to the CGLN amplitude fx- If the 
outgoing kaon is being considered as point like particle, the form factor would 
be 

F(k, q )=exp(- { ±^j (25) 
in the harmonic oscillator basis, where a is the oscillator strength. One could 



use the quark pair creation model |14| to calculation this form factor for the 
finite size kaons, we find that Eq. |25] would be modified by the additional form 
factor that are function of k 2 and q 2 , in the same time, the finite size kaon 
also destroys the chiral symmetry (see discussion in section 7). 
The matrix element for the nucleon pole term is found to be 



M 



N 



+ie 



-u K e 



ujk_ 
2 




.E s + M s ' E N + M N J ' ~\2P N -k~ " v ' ^ 

where Pn • k = oj^En + and /xjv is the magnetic moments of the nucleon. 
The matrix elements for the U-channel A and £ exchange term is 



M 



AS 



— e 



M : 



s 



f o^k 2 



2M N 
1 



Us 



+ 



Ps-k P s -k±5m 2 



1 



£c + M s E N + M, 



'jv 



a ■ e 



LlTk 

2 



+ 



E s + M S E N + M 



IN 



+ 1 



<j ■ (e x k)cr • q 



(27) 



where 



as 

9A 
2A 





K+A 
K+TP 



(28) 



for 7p - 
for 7p - 
for 7p 

is the ratio between the coupling constants for A and £ final states, /iae = 1.61 
is the magnetic moments for the transition between the A and S° states, and 
Ps-k = -E7su; 7 + k-q, notice that the final baryon state has the total momentum 
— q in the center of mass system. If the A and £ pole terms in the U-channel are 
replaced by the nucleon, and kaons replaced by pions, the low energy theorem 
in the threshold pion-photoproductions should be recovered by combining Eqs. 
£1 



26 and 27. 



The matrix elements for the t-channel are 

k 2 (k-q)2 (Mn + M N )q - ^ ( 1 



M 



K 



q ■ k 



Es + Ms 



a ■ q 



1 

E N + M, 



N 



(29) 
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for the kaon exchange and 



+i— q-(kxe) — 

E s + M s 



(fc-?/ (M K o + M K *)g K « f 1 



— <r-((q-k) x (kx e)) 



iV 



2M|,(E 7V + M 7V ) 



(30) 



for the K* exchange, where t = M\ — 2{uo 1 ujk — q • k). The parameter g%» i 



in 



Eq. |3Cj is the ratio between the couplings of K° and K* to the nucleon and 
the strange baryon. 



4. The U-channel resonance contribution 

The leading U-channel contribution comes from the resonance E*(1385). In 
the quark model, it belongs to the same 56 multiplet as the resonances A and 
E, and there should be no orbital excitations in the symmetry limit. Thus, 
only the cm. motion part of transition operator in Eq. |22| would contribute. 
We can rewrite the transition operator corresponding to the cm. mass motion 
in Eq. |22| as 

„ cvAs)aAu) , . 

ff£ = E g j- A 3 (31) 

j 9A 

where 

A = -uj k ( + ^ k - ( u K + l] q. (32) 

K \E N + M N E s + MsJ V Es + Ms J H K J 

Notice that the initial nucleon and intermediate E states have the cm. mo- 
menta — k and — k — q respectively. Then the contribution from the E(1385) 
can be written as 

q 2 +k 2 

M ^ = AMPs k + Ml,m ^ • ■ x k) + CT . (A x (e x k))] 

(33) 

where the factor g$ is 

g s = { 4/x s o for 1V -> K + TP , (34) 



PA 
3 


for 


IP - 


^K + A 


4/i S o 


for 


IP - 




3 


for 


IP - 


^K°E+ 



and 5M|* = M|* — Mj. The magnetic moments in Eq. |33| are //a = —0.61, 
/i E o ~ 1.0 and = 2.38. 
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For the excited resonances, we follow the procedure in Ref. fil l. In the 
harmonic oscillator basis, one can write the transition matrix elements for the 
excited strange baryon resonances as 



My = (M 3 Y + M 



Y 



(35) 



in the symmetry limit. The first term represents the process in which the 
incoming photon and outgoing kaon are absorbed and emitted by the same 
quarks, its general expression can be obtained by the second quantization 
approach in the harmonic oscillator basis [O]; 



-1 



1 

+ 18 



6m 

Us 



9 A 



[e x k) + cr ■ (A x (e x k)) 



k • q 

3^' 



Ps ■ k) 



1 + 



u. 



7 



2m, 



e H -cr • Ae • q 



q 



3a 2 
k • q 



-P s -k- 5M 2 ) 



P s -k- 25M 2 



(36) 



54a 2 /i s 3a 2 

The function F(x, y) in Eq. [36| corresponds to the product of the spatial 
integral and the propagator for the excited states, it can be written as 

M s 



-x ' 



(37) 



n\(y - n5M 2 )' 

where nSM 2 = (M 2 —M 2 )/2 represents the mass difference between the ground 
state and excited states with the major quantum number n in the harmonic 
oscillator basis, which will be chosen as the average mass differences between 
the ground state and the negative parity baryons. Therefore, first term in Eq. 
|36] corresponds to the correlation between the magnetic transition and the cm. 
motion of the kaon transition operator, it contributes to the leading Born terms 
in the U-channel. The second term in Eq. |36] is the correlations among the 
internal and cm. motions of the photon and kaon transition operators, this 
term only contributes to the transitions between the ground and n > 1 excited 
states in the harmonic oscillator basis. The third term in Eq. |36] corresponds to 
the correlation of the internal motions between the photon and kaon transition 
operators, which only contributes to the transition between the ground and 
n > 2 excited states. In the 5*^7(6) symmetry limit, the ratio — is 1 for the 
A final state and —3 for the E final state. The second term X^2 in Eq- |35| 
represents the process in which the incoming photon and outgoing kaon are 
absorbed and emitted by different quarks, it can be written as 

k 



M 2 



Y 



9's 



Qm r 



[-ig' v A.(exk)+g' a <T-(Ax(exk))]F( 



q 



6a 5 



-Ps ■ k) 
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1 

36 



Us 



1+^ 



OJ, 



2m n 



+ 



-a ■ Ae • q 



F(—^—^, —Pq ■ k — 5M 2 ) 



216a 2 /i. 



a- ■ ke • qF(- 



6a 2 
k • q 

6a 2 



,-P s -k-25M 2 ) (38) 



where the factor g' s equals to 1 for both charged kaon productions, 4 for the 
K° productions, the factors g' v and g' a are 



1 for 7p 
-7 for 7p 
1 for 7p 



(39) 



and 



9a 



K+A 



(40) 



for 7p 
for 7p 
for 7p 

An interesting observation from these expressions is that the transition matrix 
elements My and M. Y that correspond to the incoming photons and outgoing 
kaons being absorbed and emitted by the same and different quarks differ by 
a factor (— |) , thus the transition matrix element Ai Y becomes dominant as 
the quantum number n increases. 
Eqs. 



J5| and |38| can be summed up to any quantum number n, however, 
the excited states with large quantum number n become less significant for the 
U-channel resonance contributions. Thus, we only include the excited states 
with n < 2, which is the minimum number required for the contribution from 
every term in Eqs. 



551 and 38 



5. The S-channel resonance contribution 

There are two major components for the S-channel resonance contributions; 
the well known baryon resonances below 2 GeV that correspond to n < 2 ac- 
cording to the S'L r (6)®0(3) classification and the resonances above 2 GeV that 
are not well known both theoretically and experimentally. One could regard 
the resonances above 2 GeV as the continuum contributions, however, they 
must be included in the calculations if one intends to calculate the photopro- 
ductions above 2 GeV in the cm. frame. The advantage of the quark model 
approach is that it provides us a unified description of the S- and U-channel 
resonance contributions and the continuum contributions by the same set of 
parameters. 
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For the S-channel resonance processes, the operator A in Eq. |3l] should be 



+ 1 j q (41) 

in the cm. frame. The calculation of the S-channel resonance contributions is 
similar to that of the U-channel resonance contributions. However, since the 
operator A is only proportional to the final state momentum q, the partial 
wave analysis can be easily carried out for the S-channel resonances. 
In general, one can write the S-channel resonance amplitudes as 

2 k 2 +q 2 

M R = TH e ~^°Ri ( 42 ) 

s ~ M R 

where y/s = En + uj 1 = E$ + (jJk is the total energy of the system, and Or 
is determined by the structure of each resonance. Eq. shows that there 

should be a form factor, e ^ in the harmonic oscillator basis, even in the 
real photon limit. This leads to a smaller cross section in the high energy limit, 
which has been a major problem in the hadronic models]?], |6|. If the mass of 
a resonance is above the threshold, the mass Mr in Eq. [|2] should be changed 
to 

M 2 R ^M R (M R -iT{q)). (43) 

r(q) in Eq. ^ is the total width of the resonance, and a function of the final 
state momentum q. For a resonance decay to a two body final state with 
orbital angular momentum I, the decay width T(q) can be written as 

m = rM)™£™ (44) 



where |q#| = \j~ a_ JmT~~ ^ an d are the momentum of one final 

state and the decay width at the S-channel resonance mass Mr. The function 
-D/(q) is called fission barrier [|i~5f , and wavefunction dependent; here we use 

A(q)=expf-^, (45) 

which is independent of I. A similar formula used in 1=1 titt and and p-wave 
1 = 1/2 Ktc scattering was found in excellent agreement with data in the 
p and K* meson region [[l|J. Of course, whether Eq. 45 is suitable for the 



baryon resonance is unclear, and should be studied in the P33(1232) region of 
pion-photoproduction, where the data are well known. 
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The first S-channel resonance is the resonance P33(1232), the transition 
matrix element is similar to that of the resonance E*(1387) in U-channel, 
however, it does not contribute to the process •yp — > K + A due to the isospin 
couplings. The matrix element for the £ final state is 

Cp 3 3(i232) = Hn9a [«2A • (e x k) + a ■ (A x (e x k))] , (46) 

where 

f \ ioiyp^K+Y? 

9A ~ { -I for 1V -> (47) 

is determined by the £77(6) symmetry. Any isospin 3/2 state in 56 represen- 
tation should have the same factor g&. It is straightforward to express the 
transition matrix element in Eq. f|6] in terms of the CGLN amplitudes, and 
the multiple decomposition of the CGLN amplitudes (see Ref. ||) shows that 
the transition matrix element in Eq. ^ has the characteristics of the 
transition. 

For the P-wave baryon resonance with the quantum number n — 1, there 
are seven resonances which have been identified experimentally. However, the 
photon transitions from the proton target are simplified due to the Moorhouse 
selection rule[[Ij]]; the photoabsorption amplitudes for •yp — > N* belonging to 
£77(3) octets with spin | vanish for the transition operator in Eq. |21|. This 
reduces the number of the resonances that contribute to the kaon photopro- 
duction of the proton target to 4. Furthermore, the isospin couplings for 
N* — > K + A only allow the resonances with isospin |, which reduces the num- 
ber of the P-wave resonances to 2 for A final state. We find that the transition 
amplitude for the resonance with the quantum number 70, N( 2 Pm)\ is 

- = ^fe + ^- A )( 1 + S)'- € (48) 

where gu factor is 1 for the A final state and —1 for both E° and S + final 
state. This transition matrix element is a pure CGLN amplitude fi, and 
independent of the scattering angle since it is a S-wave. It is also a product of 
the amplitudes for yp — > £ n and kaon decays. The photoabsorption amplitude 



agrees with the result in Ref. [18|, and the kaon decay amplitude is the same 



as the expression in Table 1 in Ref. |T^] with g — \h = t^t, and h = fjf-. 



Note that A has a negative sign, this is consistent with the fitted value for 
g — g/i and h in Ref. [ I9[ . There are two £n resonances with masses around 



1.6 GeV; £n(1535) and £n(1650). Traditionally, the resonance £n(1535) is 
being classified as a 70, N{^Pm)\ state, however, the potential quark model 
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calculation |20J found that the two states, 70N( 2 P M )^ and 70iV( 4 P M )i , are 



strongly mixed. Thus, we have 



Csn(1535) = O.60s n 



O 



Si l (1650) 



0.40 



(49) 



where the coefficients 0.6 and 0.4 come from the mixing angle obtained from 
the potential model calculation. 

The transition amplitude for the resonance D 13 (1520) is 



O 



£>i 3 (1520) 



-9M- 



-<t ■ Act • (e x k) + - 

m q a z 3 



+ 



2oj 1 



A • qcr • e 



Aq 



(50) 



where the factor qm is the same as that in Eq. |48], since the states Su and -D13 
belong to the same SU(3) representation. Notice that there is little mixing 
between the spin 1/2 and spin 3/2 state for the resonance D 13 (1520)|p0|. 

If one treats the transition amplitudes O for the resonance Su and Di 3 in 
Eqs. [48] and ||as a function of the quark mass m q , the transition amplitudes 
for the isospin 3/2 states can be related to those for the resonances Su and 
D 13 . The amplitudes for the resonances S 3 i(1670) and -D 33 (1700) are 



O 



531(1670) 



o 



^33(1700) 



ZO Sll (g M - 
~- 20d 13 (.9m 



9A M ,m q - 
+ 9A M ,m q 



-3m q ), 
—3m n ) 



(51) 



which replace the factor g M in Eqs. BS] and 150 by g& M , and the quark mass 



by — 3m q . The factor g& u is 1 for the charged kaon production and — | for 
the K° production, and these two states do not couple to the A final state. 

The situation for the positive parity baryon states with the quantum num- 
ber n = 2 is not as clear as the P-wave baryons. The well known resonances 
belong to the 56 multiplets. The transition amplitudes for the radial excitation 
states are 



l(1440) " 

for the Roper resonance, and 
g A k 2 ( A ■ q 




I icr ■ qcr • (e x k) 



(52) 



O 



P 3 3(1600) 



108m g a 2 



+ 



UK 
Us , 



z2q • (e x k) 



(q x (e x k) 



(53) 
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for the resonance P33(1600), where the factor g& is given in Eq. f|7[ 
The transition amplitudes for the N( 2 Ds) states are 

k 2 



O 



Pis (1720) 



90a 2 



A • q 5u>k 
+ 




cr ■ q<r • (e x k) 
+ cr ■ kq • e 



(54) 



for the resonance Pi 3 (1720), and 
1 



O 



Pis (1688) 
1 



4m n 



36a 4 
i<7 ■ Act ■ 



1 



cr • Ae ■ qk ■ q q (cr ■ ek • A + cr • ke ■ A) 

5 

(e X k) ((k • q) 2 - ±q 2 k 2 ) + \cr • e(k • q) 2 k • a] } 



(55) 



for the resonance Fis(1688). The isospin 3/2 states A( A Ds) are concentrated 
around mass 1.9 GeV, therefore, we simply treat them as degenerate. The 
amplitude for the resonances P3i(1910) and P33(1920) for the £ final state 
gives 

-g A k 2 /2A 



O 



3(1+3) 



q u K 



108m g a 2 y 5a 2 /i 



i2q- (e x k) + cr- (qx (e x k) — 3cr ■ ek- q 

(56) 



The amplitude for the resonances P3s(1905) and P37(19 50) is 



O, 



9A 



3(5+7) 



36m g a 4 



(i2A • (e x k) 



(A x (e x k)) 



(k-q) 2 -^k 2 q 2 



+ -cr • ek ■ Ak 2 q 2 



(57) 



These are the transition amplitudes for the 56 multiplet. The coefficients 
for the isospin 3/2 states in the 56 multiplet are significantly larger than 
those for the isospin 1/2 states for the £ final states. One also finds that the 
contributions from the Roper resonance Pn(1440) are small compare to the 
resonance Pis(1688). However, the traditional quark model does not give a 
good description for the Roper resonances, and the gluonic degrees of freedom 
may play an explicit role in this resonance |[21||, the consequences from the 
gluonic degrees of freedom in the Roper resonance remain to be studied. 

The contributions from those resonances belonging to the 70 multiplet can 
be related to the transition amplitudes of the 56 multiplets. The resonance 
Pn(1710) which is being assigned as a N( 2 Sm)\ + state can be related to the 
Roper resonance by 

Cpn(mo) = 9m -Cpn(i440)- (58) 
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The contribution from the resonance P 3 i(1750) is 

Cp 3 i(1750) = S'A M gC , ft 1 (1440)- (59) 

Indeed, the electromagnetic coupling of this resonance is very weak, which was 
only seen in the ttN scattering |22[]. If we assume the resonance F 15 (2000) as a 
70N( 2 D M )^ state, its transition amplitude is related to that of the resonance 
F 15 (1688) by 

CFi 5 (2000) = PA/ ^ ^15(1688)- (60) 

These relations are determined by the SU(6) <8> 0(3) symmetry. One could 
easily obtain the transition amplitudes for other 70 multiplet states, we will 
neglect those resonance here since their couplings are very weak from our 
calculation, which do not make much difference even if they are included, and 
their width and masses have not been determined experimentally. 

The transition amplitudes from the S-channel resonances provide us some 
important insights into the role of the baryon resonances in the kaon photo- 
production even without further numerical evaluation; the resonances of the 
higher partial waves are very important in the process 7^ — > K + A, in partic- 
ular the resonance Pi 3 (1520) of P-wave baryons and the resonance Fi5(1688) 
of n = 2 baryon state, which are usually neglected in the traditional hadronic 
model. For the processes 7p — > K + TP and 7p — > the contributions 

from the isospin 3/2 states, in particular those resonances in 56 multiplet, are 
dominant. Therefore, the processes 7p — > K + Yf and 7p — > K°Y, + provide us a 
very important probe to the resonances with isospin 3/2, a particular example 
is the resonances P 37 (1950), P 35 (1905), P 33 (1920) and P 31 (i910). 

If one intends to calculate the reaction beyond 2 GeV in the center of mass 
frame, the higher resonances with quantum number n = 3 and n = 4 must 
be included. There is a little knowledge of resonances in these region except 
high partial wave resonances. However, we can assume that the resonances 
for n > 2 are degenerate, the sum of the transition amplitudes from these 
resonances can be obtained through the approach in Ref. ]TT[. The transition 
amplitude for the nth harmonic oscillator shell is 

O n = 2 n + Ol (61) 

where the amplitudes 2 n and 0\ have the same meaning as the amplitudes 
M.y and Aiy m Eqs. an d and we have 



O 



3 



g e 6m 



i—A ■ (e x k) +tr ■ (A x (e x k)) 

9a 
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and 



^ = 7T- Hs« A ' (c x k) + <?> .(Ax(exk)]V k ' Q 



1 

36 



tOK^-y [ -i _|_ / w 7 j _|_ 



216a 2 /i 



-cr ■ ke ■ q 




where is the same as in Eq. |38], g' v and g' a are given in Eqs. [39] and [40], 
and g e is 2 for charged kaons and —1 for the neutral kaons. Generally, the 
resonances with larger quantum number n become important as the energy 
increases. Note that the amplitude 0\ generally differs from the amplitude 
0\ by a factor of {— ~J , this shows that the process that the incoming photon 
and outgoing kaon are absorbed and emitted by the same quark becomes more 
and more dominant as the energy increases. Furthermore, the resonances with 
partial wave I = n become dominant, of which the isospin is 1/2 for 7^ — > K + A 
and 3/2 for — > KT,. Thus, we could use the mass and decay width of the 
high spin states in Eq. the resonance Gi7(2190) for the n = 3 states and 
the resonance ifig(2220) for the n = 4 states in 7p — > K + A, and the resonance 
G37(22 00) for the n = 3 states and the resonance if 37 (2420) for n=4 states 
in 7p — > KTj. Indeed, only the couplings for the high spin states are strong 
enough to be seen experimentally, this is consistent with the conclusions of the 
quark model 



6. The Numerical evaluation 

It is straightforward to express every term in section 3, 4 and 5 in terms 
of the CGLN amplitudes so that the differential cross section and various 
polarization could be easily carried out. However, it should be pointed out 
that the nonrelativistic wavefunction is no longer adequate to describe the 
meson photoproduction processes because the relativistic effects become more 
and more important as the energy increases. A practical way to correct this 
shortcoming is the introduction of the Lorentz boost factor [23], which was 
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used in the calculations of the transition amplitudes as a function of Q 2 in 
the electroproduction|23]]. We shall adopt a similar procedure in the meson- 



photoproduction for the transition amplitudes as a function of the energies of 
initial and final state, the CGLN amplitudes become 

M^^^LfAA) (64) 

where i = 1 . . .4, and ^f- is a Lorentz boost factor for the initial (final) 
state. 

The parameters used in our calculations have standard values except the 
coupling constants olk and gx*, which will be fitted to the experimental data. 
The quark masses are m q = 0.34 GeV for up and down quarks and m s = 0.55 
GeV for strange quarks. Since the outgoing Kaons are being considered point 
like particles in this calculation, the constant a 2 is chosen to be 0.2 GeV 2 to 
take into account part of the finite size effect, this is somewhat larger than 
that in the calculation of the electromagnetic transition 0, |19| . The masses 
and the decay widths for the S-channel resonances are taken from the recent 
particle data group (2^ . 



We present our calculation of the differential cross sections for 'yp — > K + A 
at E[ ab = 1.2 in Fig. 1 and at Ei ab = 1.4 GeV in Fig. 2. The coupling 
constants in this calculation are cxkna ~ 4.0 and gx* ~ 0.4. The calculations 
of the differential cross sections have been carried out from the threshold up 
to Ei a b = 2.0 GeV, the results are in good agreement with the experimental 



datapq, [2% . There are some interesting features that can be learnt here; 
the differential cross section shows a strong forward peaking around E[ ab = 
1.2 GeV. As the energy increases, the high partial wave resonances become 
increasingly important, this leads to a backward peaking at high energies, 
which are dominated by the high partial wave resonances. Another important 
feature in the quark model calculations is the form factors from the integrations 
of the spatial wavefunction as well as the Lorentz boost factors; the total cross 
section as a function of energies is shown in Fig. 3, the result is consistent with 
the known data up to energy around 2 GeV in the laboratory frame. This has 
been a serious problem in the traditional hadronic models [|7|, |6| 

The processes 7p — > K + YP and 7p — > K°Y, + can be calculated simultane- 
ously in this approach; the difference between the charged and neutral Kaon 
productions for the £ final states is the absence of the seagull term and the 
Kaon exchange in the T-channel, in the same time, the coupling constants 



gx* in Eq. |3CJ should have opposite signs with approximately equal magni- 



tudes in the two processes due to the magnetic dipole transitions between K* 



and K 28 . The U-channel and the S-channel resonance contributions in the 
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charged and neutral Kaon productions for the S final states can be related to 
each other by the isospin couplings. In Fig. 4 and 5, we show that the differ- 
ential cross sections for 7^ — > K + TP at = 1.157 and 1.45 GeV, where the 
data come from the Bonn group [27, 29 and Ref. 30[| . The resulting coupling 



constants are a^-sp = 2.4 and gx* = —2.5. The isospin 3/2 resonances, in 
particular those belonging to 56 multiplet, play a dominant role for the £ 
final states. In the Ei a b = 1.45 GeV, the isospin 3/2 resonances P 3 i(1910), 
P 33 (1920), P 35 (1950), and P 37 (1905) contribute significantly, and the F-wave 
resonances lead to a larger differential cross section in the backward angle. In 
the Fig. 6, we show our results of the differential cross section at Ei^ = 1.15 
and 1.4 GeV for 7^ -> K°T, + . Noticed that the seagull and s-channel nu- 
cleon pole terms have opposite signs so that they tend to cancel each other for 
7P — > K + Tj°, while the cancelation does not exist for the 7p — > K°Y> + because 
of the absence of the Seagull term. This leads a larger total cross section 
in 7p — > K°Tj + , and in the same time, the differential cross sections become 
less forward peaked. In Fig. 7, we show that total cross section for both 
7P — > K + "E° and iT°E + comparing to the 7p — > fT + E° data|27]]. Although the 
cross section for 7p — > is larger than that for 'jp —>■ K + TP , this repre- 

sents much more improved calculations than the most hadronic models, which 
predict 10-100 times larger cross section for the K° production than that for 



the K + production ||. The available data[31] for neutral Kaon production, 
7P — > i^°E + , are too poor to test the theory. However, one could compare 
the Kaon photoproduction for the S final states to the ir photoproduction in 
the resonance P 33 (1232) region; in both cases, the isospin 3/2 resonance domi- 
nant, therefore, the underline dynamics for the two reactions are similar. The 
cancelation among the Born terms in the presence of the Seagull term leads 
to a smaller cross section around the peak of the resonance P 33 (1232) for the 
charge pion production, 7p — > 7T + n, although it dominates near the threshold, 
while there is no cancelation for the neutral pion production, 7^ — > 7r°p[[J]. 
This shows that the neutral Kaon production data is crucial to provide us 
insights into the dynamics of the meson-photoproductions. 

No investigation of the Kaon as well as other meson photoproduction would 
be complete without the calculation of the polarizations. This can be easily 
carried in our approach, because the expressions of every polarization in terms 
of the CGLN amplitudes have been given in Refs. || and 0. Here we only 
present our results for the recoil asymmetry P defined as 

da T da I 

p = dn dn / 65 n 

dvj _|_ da_i v ' 

dQ dQ 
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where | (!) corresponds to the spin of the final state parallel (antiparallel) to 
the direction of the vector k x q. The recoil asymmetry P is very important 
since it provides us a direct probe to the structure of the S-channel resonances 
in our approach. As the decay width for a resonance become large, it is impor- 
tant to treat it as a function of the momentum of the final decay particles; the 
decay width reaches its peak as the center mass energy equals to its mass, and 
decreases quickly if the total energy of the system moves away from the mass 
of the resonances. Therefore, it is only necessary to introduce the decay width 
for the S-channel resonances whose masses are higher than the threshold of the 
Kaon photoproduction. This shows that the imaginary part of the transition 
amplitudes only depends on the structure of the S-channel resonances above 
threshold, and there could be an overall phase factor for these resonances. In 
Fig. 8, we show the recoil asymmetry P as a function of Ei^ at 90 degrees 
for both 7p — > K + A and K + YP, the asymmetry for the 7£> — > K + TP is small 
and positive comparing to the negative 7£> — > K + A polarization, and this of 
course is in agreement with the experimental data[^7], [J. The physics for the 
opposite signs between the A and £ final states is the dominance of the isospin 
3/2 resonances in 7p — > K + TP . Perhaps more interesting feature of this cal- 
culation is the changing sign of the recoil asymmetry for 7p — > K + A in the 
backward angle as the energy increases. In Fig. 9, we show the asymmetry P 
for 7£> — > K + A as a function of the scattering angle at = 1.157 and 1.4 
GeV, the asymmetry P is negative at Ei a b = 1.1 GeV and becomes positive in 



the backward angle at 1.4 GeV. Indeed, the recent data from Bonn group|27 



show some hints that this might be indeed the case. This feature is new and 
has not been shown in early calculations [0, the reason for the changing signs 
is the higher partial wave resonances become more important as the energy 
increases. 



7. Future Work and Summary 

Our calculations show that the chiral quark model presents a much better 
framework to understand the reaction mechanism of the Kaon photoproduc- 
tions than many traditional hadronic models. In the same time, it also raises 
some interesting issues that need to be further studied. First, the relation be- 



tween the chiral quark model and the Quark Pair Creation (QPC) Model |I4 
which has been quite successful phenomenologically in studying the strong de- 
cays of hadronsp2|. Thus, it is natural to calculate the meson-photoproduction 



in the QPC model, which has been done by Kumar and Onley|33|]. The prob- 
lem in their approach is that the QPC model alone does not lead to the low 
energy theorem near the threshold. This can be seen in the Seagul term that 
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dominates the low energy behaviour; the simple gauge transformation in the 
QPC leads to a Seagul term that is equivalent to the process 7 — > ss inside nu- 
cleons. However, the chiral transformation tells us that there is another Seagul 
term that is equivalent to the process ~fu(d) — > u(d) for K + (K°) production, 
which is not present in the simple QPC model. The relation between the two 
terms is determined by the chiral transformation; thus the total Seagul term 
has the structure; 



M, 



e u (d)R{lu(d) -> u(d)) - e s R(j -> ss) 



(66) 



where e u ^) is the charge of the up quark for the K + production and the 
down quarks for the K° production, e s is the charge of strange quarks and R 
represents the spatial integral for each process. If the finite size of the emitting 
Kaon is being taken into account, the spatial integrals for the two processes 
are not equal; 



R{~fu{d) -> u{d)) = N(a 2 ,f3 2 



•2 a- 



-71 




Ga' 2 



(k-q) 2 



18/3 4 



(67) 



and 



ss) 



N{a 2 ,p 2 



3/3 2 



1 



(k-q) 2 



5a z 



5+4^ 



(6* 



where (3 2 and a 2 are the harmonic oscillator strengths for the meson and 
baryon wavefunctions, and N(a 2 ,f3 2 ) is the normalization factor, which is the 
same for both processes. The consequences for the finite size mesons are that 
there are additional terms proportional to on q 2 and k 2 which makes the the 
Seagull term decreases faster as the momentum k and q is increases, and it 

also generates an correction at order (f^) to the low energy theorem near 
the threshold^ for both charge and neutral pion photoproductions. Moreover, 
a nonzero contribution from the Seagull term could affect the result of 'jp —>■ 
i^°S + significantly at higher energies. This has not been discussed in the 
literature, and certainly deserves more study. 

Second; the relativistic effects in the transition operator [M\ should be in- 
cluded. Although the nonrelativistic transition operator used in this calcula- 
tion is sufficient to reproduce the low energy theorem in threshold region, the 
relativistic corrections in the electromagnetic transition operator is important. 
In particular, the spin-orbital and so called nonadditive terms are required to 



derive the low energy theorem in the Compton scattering |TT| and Drell Hearn 
Gerasimov sum rulef35|, and they also breaks Moor house selection rule so that 
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the resonance -D 13 (1700) would also contribute to the Kaon productions. Fur- 
thermore, the more consistent baryon wavef unction [ 2D ] should be used in the 
calculation. 

Third; the role of gluonic degrees of freedom in the baryon wavefunction 
should be investigated. Our calculation shows a small contribution from the 
Roper resonance if it is a radial excitation of the nucleon, however, a hybrid 
Roper resonance would increase the contribution from the Roper resonance as 
well as the resonance P33(1600) significantly, the consequences of the hybrid 
Roper resonance and P33(1600) in the Kaon photoproductions remain to be 
studied. 

Because these effects remain to be studied, the parameters, in particu- 
lar the kaon coupling constants ax-, obtained in our calculations are by no 
means final, nor they are consistent with the measurements in Kaon-Nucleon 
scattering |36|]. Our investigation does provide a framework to give a descrip- 



tion of the Kaon-photoproductions that is consistent with the Kaon-nucleon 
scattering. Moreover, this approach makes it possible to provide a unified de- 
scription for it, 7] and kaon photoproductions. The extension to the rj and it 
photoproduction is in progress, and will be published elsewhere. 
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Figure Caption 

1. The differential cross section for ^p — > K + A at i^ a6 = 1.2 GeV, it has a 
lCT 30 cm 2 /sr unit. 

2. The same as Fig. 1 at E lab = 1.4 GeV. 

3. The total cross section for ^p — > K + A as a function of the energy in the 
laboratory frame Ei ab , it has a lCT 30 cm 2 unit. 

4. The differential cross section for jp — > at i?^ = 1.157 GeV, it 
has a lCT 30 cm 2 /sr unit. 

5. The same as Fig. 4 at E lab = 1.45 GeV. 

6. The differential cross sections for ^p — » the solid and dashed lines 
correspond to E [ab = 1.4 and 1.15 GeV respectively. 

7. The total cross sections as a function of E lab , the data and solid line 
correspond to the process 7p — > K + S , while the dashed line is the 
prediction for ^p — > 

8. The recoil asymmetry P at 90 degrees as a function of Ei ab ; the solid 
line and data correspond to the process jp — > i^ + A, and the dashed line 
represents 7p — > 

9. The asymmetry P as a function of scattering angle for ^p — > fT + A at 
Ei o6 = 1.1 (solid line) and 1.4 (dashed line) GeV comparing to the data 
at E lab = 1.1 GeV. 
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